Many people ignore tire pressure in their day-to-day lives. In a country striving for maximum efficiency, neglecting to maintain correct tire pressure can noticeably affect the amount of horsepower required to overcome the drag forces due to tire/roadway friction. In order to quantify these horsepower changes, 21 test trials were conducted by allowing a test vehicle to coast from 50 mph down to 20 mph at pressures ranging from 50 psi to 20 psi. After compiling the results, it was shown that lower tire pressures increased the horsepower necessary to propel the automobile.
PROBLEM STATEMENT
More than ever before, the automotive world is focusing on ways to obtain higher efficiency. Many new technological advancements target power consumption, but one of the easiest ways to increase efficiency often goes ignored: the vehicle's tire pressure. The only connection between a vehicle and its driving surface is the four contact patches where the tires meet the roadway. Monitoring tire pressure and attempting to minimize the amount of rolling friction may combat energy waste. From the data collected at different tire pressures, determine if there is a difference in the efficiency of over and under inflated tires.
MOTIVATION
Modern advertisements for new cars showcase their fuel efficiency. This paradigm shift highlights the fact that automobile manufacturers are spending additional resources to engineer a more efficient vehicle. While the new technological advancements are effective, it is important implement simple techniques such as maintaining proper tire pressure to avoid wasting energy/fuel. As a tire pressure drops, the walls of the tire become soft and flexes when the wheel rotates. This deformation increases the drag and causes the vehicle to use more energy to maintain forward motion. The objective of this project is to quantify the change in the horsepower required to maintain a constant velocity based on the changes in tire pressure. We pursued this goal by collecting field data and analyzed it using calculus principles.
MATHEMATICAL DESCRIPTION AND SOLUTION APPROACH
In this experiment, we measured the time required to slow a vehicle from to through wind resistance and tire friction. Changing only the pressure in the tires allowed us to determine the overall influence that tire pressure plays in efficiency.
There are several sources which cause drag on a car. Wind can push or pull on a car affecting the power requirements to maintain a constant velocity. The shape of a vehicle controls how well it resists drag as it passes through the air. Internally, drive train friction can differ from vehicle to vehicle. The drive train friction determines how much energy from the engine is absorbed before transferring its power to the wheel or the ground.
The tire-roadway interaction also affects the drag on a vehicle. Driving surfaces can range from dirt roads and mud to paved highways. Each driving surface can produce a very different amount of friction. Some tires are made of compounds tailored to different aspects of driving. If maximum grip is preferred, a tire manufactured from a softer compound can be used 
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EFFECT OF TIRE PRESSURE ON EFFICIENCY 5 to increase grip. However, an increased grip also increases friction which in turn diminishes the efficiency of the power transfer from the tire to the ground.
TESTING CONDITIONS
Wind speed and roadway variations were controlled by conducting all tests consecutively on the same roadway (Figure 2 ), in the same direction, and on the same day. Also, the same vehicle ( Figure 1 ) was used for all trials so that the vehicle aerodynamics remained constant. To exclude drive train friction, all testing and timing was done while the car was in neutral so that the transmission was not actively creating drag. These restrictions were employed to isolate the tire pressure as the sole variable governing the power required to maintain a constant velocity. 
Figure 3: Stopwatch and analog speedometer used to determine the rate of deceleration.
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The force on the vehicle (R.C. Hibbler, 110), was calculated using
The mass in (3) was determined by adding the mass of the test driver to the mass of the vehicle which was given by the Saturn owner's manual (Saturn). Thus, the total mass of car and driver was .
From the force given in (3) and the test velocities, the power of the test car (Serway Jewett, 214) was found through the relationship .
For automobiles, the most common unit of power is horsepower (What is Horsepower?). Note (Chart 2 -Appendix B). Accounting for changes in the test track, we interpolate the average trial velocities for each tire pressure using a 5 th order polynomial. For instance, the average velocities over three trials using (Appendix A - Note that all units were first standardized in terms of feet and seconds. Microsoft Excel interpoloated the converted velocities as .
Using equation (7) with (1) we found the interpolated acceleration to be
and from (2) the interpolated displacement was .
Using the total test time for the test, we can estitmate the total distance traveled during the test as (10) which corresponds with Chart 1: For various tire pressures, the test car was set to coast after reaching 50 mph. Shown above are the average velocities over three trials for each pressure tested.
Chart 2: Plot of horsepower vs. velocity for tested tire pressures. Very negative horsepower suggests the test car is slowing quickly. The fluctuations in the downward slope were caused by inclines and declines in the test road. Chart 3: Plot of horsepower vs. tire pressure at each of the velocity thresholds. Very negative horsepower suggests the test car is slowing quickly. In general, faster slowing occurred for lower tire pressures.
